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Dear D r .  Dubin: r 

This i s  t h e  e i g h t h  q u a r t e r l y  s t a t u s  r c p z r t  on NASA 
Cont rac t  NASr-65( 11)/14-0O3-~911 (IITRI P r o j e c t  W612O). 
Th i s  r e p o r t  d e s c r i b e s  t h e  work performed under t h i s  c o n t r a c t  
d u r i n g  t h e  p e r i o d  1 October 1966 through 31 December 1966. 

1. Xork Performed 

were undertaken du r ing  t h i s  p e r i o d  which have y i e l d e d  pre-  
l imina ry  r e s u l t s  which lcok ext remely  promisi.ng. D a e  t o  
t he  d i f f i c u l t y  of corresponding w i t h  D r .  Pe t e r son  a t  h i s  
new l o c a t i o n  i n  J icamarca ,  Peru ,  p rog res s  on t h e  p r e p a r a t i o n  
of t h e s e  r e s u l t s  f o r  p u b l i c a t i o n  has been de layed  and t h e  
paper  w i l l  no t  be completed du r ing  t h i s  p e r i c d .  
funds remain however t o  permit t h e  complet ion o f  t h i s  phase 
of  t h e  work e a r l y  i n  1967. W e  f e e l  t h a t  t h e s e  p re l imina ry  
r e s u l t s  and remaining unanalyzed d a t a  c o n t a i n  significant 
in fo rma t ion  and war raz t  f u r t h e r  s tudy .  Conrzquent ly ,  a 
p r o p o s a l  w i l l  be submi t ted  r e q u e s t i n g  a d d i t i o n a l  suppor t  
fo r  a con t inu ing  e f f o r t  through 1967. Some of t h e  more 
i n t e r e s t i n g  developments a r e  d e s c r i b e d  b r i e f l y  below": 

F u r t h e r  examinations of ionosphe r i c  and airgl.ow d a t a  

Enough 

0 

a)  Time D i s t r i b u t i o n  e-- of  Mid-Night 6300 A Enhancements -... - 
a s  a FunctnoE y. of L a t i t u d e  - .-- 

The time of maximum i n t e n s i t y  and t h e  dura t ioC of t h e  
6300 A enhancements observed du r ing  t h e  1965  Mobile Launch 
Expedi t ion  a r e  shown I n  F igure  1 as a f u n c t i o n  of Lz t i t ude .  

Formerly Armour Research Foundation 
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Because of t h e  l a r g e  f l u c t u a t i o n s  i n  t h e  6300 A z e n i t h  
i n t e n s i t y  observed on many n i g h t s ,  t h e  s e l e c t i o n  of enhance- 
ments  and de termina t ion  of  t h e i r  d u r a t i o n  r e q u i r e s  a f a i r  
amount of  s u b j e c t i v e  judgment. A s u f f i c i e n t  number of 
unambiguous enhancements e x i s t  however, t o  confirm t h e  
g e n e r a l  behavior  wi th  l a t i t u d e .  

A t  e q u a t o r i a l  l a t i t u d e s  t h e  maximum g e n e r a l l y  occurs  
w i t h i n  one hour of  l o c a l  midnight .  Poleward of  t h i s  r eg ion  
t h e  enhancements occur  before and/or  a f t e r  l o c a l  midnight 
by a s  much a s  t h r e e  hours.  
by t h e s e  a i rg low observa t ions ,  t h e  d e p a r t u r e  of  t h e  time o f  
maximum i n t e n s i t y  from l o c a l  midnight  appears  t o  i n c r e a s e  
w i t h  d i s t a n c e  from the  equator .  The e q u a t o r i a l  midnight 
enhancement breaks up i n t o  d i s t i n c t  e a r l y  and l a t e  n igh t  
enhancements which appear  t o  c o n t i n u a l l y  s e p a r a t e  a s  w e  
proceed poleward u n t i l  we r each  m i d - l a t i t u d e s  where they  
become t h e  p o s t - t w i l i g h t  and pre-dawn enhancements. A 
symmetry i n  t h e  N-S displacement  of t h e  6300 A enhancements 
w i t h  r e s p e c t  t o  l o c a l  midnight is  ev iden t  i n  Figure 1. 
'The c e n t e r  of symmetry i s  l o c a t e d  near  3" geographic  
l a t i t u d e  al though t h e  c l u s t e r i n g  of 6300 2 maxima near  l o c a l  
midnight  occurs  f a r t h e r  south; t h e  e q u a t o r i a l  spread  covers  
n e a r l y  20" of  l a t i t u d e .  

due l a r g e l y  t o  poor o p t i c a l  observ ing  cond i t ions  below 
25"s l a t i t u d e .  Since Barbier's,semi-empirical formula 
a c c u r a t e l y  r e p r e s e n t s  t h e  6300 A i n t e n s i t y  v a r i a t i o n s  i n  
e q u a t o r i a l  and temperature  l a t i t u d e s  ( a s  desc r ibed  l a t e r )  
we can  hope t o  extend t h e  l a t i t u d e  range of  t h i s  s tudy  by 
c o n s i d e r i n g  minima i n  h ' F  o r  maxima f0F2, 
v i r t u a l  h e i g h t  d a t a  a r e  more complete ,  w e  w i l l  r e s t r i c t  
o u r s e l v e s  he re  t o  t h e  l a t i t u d e  behavior  of h 'F  minima a s  
i l l u s t r a t e d  i n  Figure 2 ,  The temporal  d i s t r i b u t i o n  and 
d u r a t i o n  of  h 'F  minima reproduce t h e  behavior  of t h e  6300 A 
enhancements i n  e q u a t o r i a l  r e g i o n s ,  
t i m e  of enhancement from l o c a l  midnight  con t inues  t o  i n c r e a s e  
as h ighe r  l a t i t u d e s  a r e  approached, 
minima w i t h  t h e  l o w  he igh t s  a t  s u n s e t  and s u n r i s e  a t  mid- 
l a t i t u d e s  corresponds t o  the b lending  of t h e  6300 enhance- 
ments i n t o  t h e  p o s t - t w i l i g h t  and pre-dawn e f f e c t s .  A good 
f i t  t o  t h e  depar ture  of  enhancement t ime from l o c a l  midnight  
is r e p r e s e n t e d  by NW-SE and NE-= a r c s  s h i f t i n g  from t h e  
midnight  meridian by 60" longi tude/40" l a t i t u d e .  

For  t h e  l a t i t u d e  range covered 

The l a t i t u d e  range coverage i n  F igure  1 i s  l i m i t e d ,  

Because t h e  

The displacement  of  t h e  

The b lending  of t h e  
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b) L a t i t u d i n a l  and Seasonal  V a r i a t i o n s  i n  t h e  
Diu rna l  6300 k I n t e n s i t y  

This  d e s c r i p t i o n  involves  a combination o f  t h e  a n t i -  
s o l a r  p o i n t  c o r r e l a t i o n  (publ i shed)  and t h e  breakup o f  t h e  
midni  h t  enhancement i n t o  two d i s c r e t e  f e a t u r e s  ( a s  desc r ibed  
above Y . 

An i sopho te  map was c o n s t r u c t e d  from p o r t i o n s  o f  t h e  
1959/60 a i rg low d a t a  from t h e  Japanese  s h i p  SOYA showing 
h igh  levels nea r  20"N l a t i t u d e ,  e s p e c i a l l y  near  midnight.  
T h i s  i s  c l o s e  t o  t h e  a n t i - s o l a r  l a t i t u d e  f o r  t h e  d a t e s  
cons ide red ,  The s i m i l a r i t i e s  i n  t h e  d i u r n a l  behav io r ,  i n  
l o c a l  t i m e ,  f o r  t h e s e  and most r e p o r t e d  d a t a  argue s t r o n g l y  
a g a i n s t  a N-S a r c  motion and f a v o r  a f i x e d  Earth-Sun 
e x c i t a t i o n  p a t t e r n  wi th  the  E a r t h ' s  r o t a t i o n  e f f e c t i n g  t h e  
v a r i a t i o n s .  The e x c i t a t i o n  p a t t e r n ,  of course ,  m u s t  s h i f t  
w i t h  season.  
t h e  h ' F  minima d i s t r i b u t i o n  d e s c r i b e  i t s  r o s s  f e a t u r e s .  
The p a t t e r n  then  i n c l u d e s  a SW-NE band an %-E a S -NW band 
which c r o s s  a t  l o c a l  midnight a t  t h e  l a t i t u d e  of t h e  a n t i -  
s o l a r  p o i n t ,  The i n c l i n a t i o n  o f  t h e  a r c s  i s  taken from t h e  
h ' F  d a t a  ( see  F igure  2 ) .  
i l l u s t r a t e d  i n  Figures 3 f o r  t h e  f i r s t  day of each month. 
The wid th  o f  t h e s e  a r c s  a r e  taken  a s  2 hours  (30 degrees )  
t o  cor respond t o  t h e  d u r a t i o n  of t y p i c a l  enhancements. 
These a r c s  a r e  te rmina ted  a t  t imes o f  a s t ronomica l  t w i l i g h t  

Assuming t h a t  such a p a t t e r n  e x i s t s ,  we  l e t  

The e x c i t a t i o n  p a t t e r n s  a r e  

which are  a l s o  shown i n  t he  f i g u r e s .  _, 

A s s u d n g  a r b i t r a r y  i n t e n s i t y  levels  t o  each r e g i o n  o f  
t h e  sky ,  w e  can c o n s t r u c t  d i u r n a l  p l o t s  f o r  s e v e r a l  l a t i t u d e s  
fo r  each month. The i n t e n s i t y  v a l u e s  assumed were 

Night sky = o  
E x c i t a t i o n  p a t t e r n  = 1 
Crossover p a t t e r n  = 2 
Twi l igh t  and day = i n f i n i t y  

The r e s u l t i n g  p l o t s  a r e  shown i n  F i g u r e s  4. These p l o t s  
i l l u s t r a t e  q u i e t  behavior ,  p o s t - t w i l i g h t  and pre-dawn en- 
hancements, broad and sharp  midnight enhancements, double 
peaks ,  e t c .  More i n t e r e s t i n g  i s  t h e  way i n  which t h e  

e n e r a l  6300 behavior  for numerous s i t e s  i s  p r e d i c t e d  by 
%is hypo thes i s .  To quote  a f e w  examples: 

Carman, E.  H. and B. C. Gibson-Wilde, "Seasonal 
V a r i a t i o n  o f  t h e  01 6300 A Airglow a t  Townsvi l le  
from Isophote  Sky Maps," J.G.R. - 69, 487 (1964). 
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They r e p o r t  a marked i n c r e a s e  i n  middle n i g h t  
l eve ls  du r ing  the  pe r iod  July-November a t  
Townsvi l le  (19.25"s).  F igu res  3 show t h e  
c ros sove r  r e g i o n  a t  t h i s  l a t i t u d e  from May- 
September. 
"explained" by inc lud ing  the  magnetic f i e l d  
geometry. For i n s t a n c e ,  t h e  magnetic equa to r  
a t  t h e  long i tude  of Townsvi l le  i s  n e a r  8 'N.  
S h i f t i n g  t h e  p a t t e r n  t o  correspond t o  some 
p o s i t i o n  between t h e  a n t i - s o l a r  l a t i t u d e  and 
t h e  e q u a t o r  would de lay  t h e  appearance of t h e  
c ros sove r  r e g i o n  a t  Townsville.  
s h i f t i n g  i t  halfway between t h e  two would cause  
t h e  c ros sove r  t o  appear i n  J u l y .  
p h y s i c a l  b a s i s  f o r  such a p a t t e r n  i s  found, 
t h i s  k ind  of  s h i f t  w i l l  be d i f f i c u l t  t o  j u s t i f y .  

B e l l e w ,  v. and S.  Silverman, "Genera1 Behavior 
of 6300 A 01 a t  Sacramento Peak, New Mexico," 
P lane t .  Space Sc i .  14 ,  407 (1966). 

I n  t h e i r  F igu re  1 they g i v e  f o u r  examples of 
r e d  l i n e  behavior  a t  Sacramento Peak (30'43"). 
For March 18/19 they  show a s t r o n g  pos t - tw i -  
l i g h t  effect  a s  p r e d i c t e d  i n  o u r  A p r i l  1 p l o t  
f o r  30qN. 
midnight enhancement a s  p r e d i c t e d  for December 1. 
For  February 27/28 s t r o n g  p o s t - t w i l i g h t  and 
midnight  effects  e x i s t  (some disagreement  ) 
and f o r  A p r i l  16/17 a s t r o n g  p o s t - t w i l i g h t  
effect  a s  p r e d i c t e d .  For  February 27/28 we 
p r e d i c t  a p o s t - t w i l i g h t  e f f ec t  by i n c l u d i n g  
t h e  magnetic geometry a s  f o r  Townsvi l le .  

The 2-month d e v i a t i o n  may be 

I n  f a c t ,  

U n t i l  some 

I 

For November 20/21 they  show a 

Silverman, S. and M. Casaverde, "Behavior o f  
t h e  6300 01 Line a t  Huancayo," J.G.R. 66, 
323 (1961). 

The p r e d i c a t i o n s  s a t i s f y  s e a s o n a l  t r e n d s  between 
Tamanrasset,  Lwiro and Huancayo. A s  examples 
of t h e  Huancayo midnight enhancements he shows 
d a t a  from June 11-July 20, presumably because 
t h e  e f f ec t s  a r e  s t r o n g e s t  then. This  i s  as  
p r e d i c t e d  by t h e  e x c i t a t i o n  p a t t e r n .  

I 

* I  

Davis,  T. N. and L. L. Smith,  " L a t i t u d i n a l  and 
Seasonal  V a r i a t i o n s  i n  t h e  Night Airglow," 
J.G.R. - 70, 1127 (1965). 
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They c l a im obse rva t ion  'of p o s t - t w i l i g h t  and 
pre-dawn e f f e c t s  a t  a l l  l a t i t u d e s  w i t h  midnight 
enhancements on ly  on June 2 and June 6 .  
depa r t ed  New York i n  March ( p o s t - t w i l i g h t  
p r e d i c t e d )  and moved n o r t h .  They depa r t ed  
New York aga in  May 24 and a r r i v e d  i n  Valpara iso  
on June 27. (Behavior aga in  i s  p r e d i c t e d  i n  
t h e  no r th . )  Midnight effects  are p r e d i c t e d  
i n  t h e  sou th  and were observed on t h e  2 n i g h t s  
l i s t e d .  From J u l y  t o  November t h e y  c r u i s e d  
s o u t h  o f  Valpara iso  ( a g a i n  p o s t - t w i l i g h t  o r  
e a r l y  n i g h t  e f f e c t s  p r e d i c t e d )  . 
Huruhata,  M. ,  "Airglow I n t e n s i t y  Observed on 
t h e  SOYA Japanese Expedi t ion  Sh ip  t o  t h e  
A n t a r c t i c  1956-1962;" JARE S c i e n t i f i c  Report ,  
S e r i e s  A, No. 2 (October 1963). 

They 

Spot checks wi th  s e v e r a l  n i g h t s  showed e x c e l l e n t  
agreement a l though some c o n t r a d i c t i o n s  e x i s t .  

Smith,  L. L. and R. W. Owen, "Seasonal V a r i a t i o n  
of Nightglow NaI 5890-96A, 01 5577 a and 01 
6300 A i n  t h e  T r o p i c s , "  NBS Tech. Note 329 
(January 10, 1966) . 
The agreement between t a b u l a t e d  Haleaka la  d a t a  
and t h e s e  p r e d i c t i o n s  i s  poor-; 

The ex tens ion  o f  t h e  e x c i t a t i o n  p a t t e r n  poleward of  
m i d - l a t i t u d e s  cannot  be deduced f r o m  t h e s e  d a t a ,  however i t  
i s  i n t e r e s t i n g  t o  s p e c u l a t e  t h a t  t h e  a r c s  f o l d  i n t o  t h e  a u r o r a l  
zone. 

e 

F u r t h e r  examination of o t h e r  i o n o s p h e r i c  d a t a  
(V. Pe t e r son)  sugges t s  t h a t  t h i s  p a t t e r n  i s  absen t  du r ing  s o l a r  
maximum whi l e  being s t r o n g l y  h i n t e d  a t  i n  s o l a r  minimum d a t a .  

0 

e )  Reproduction o f  t h e  6300 A E x c i t a t i o n  P a t t e r n  from 
Ionospher ic  Data 

Subsequent t o  t h e  p r e p a r a t i o n  of  t h e  6300 A i sopho te  
0 

map f o r  t h e  launch exped i t ion  o b s e r v a t i o n s  V. Pe t e r son  
prepared  an i s o h e i g h t  p l o t  f o r  v a l u e s  of h F and an i s o f r e q  
p l o t  f o r  v a l u e s  of f0F2. These t h r e e  p l o t s  have been redrawn 
u s i n g  average va lues  f o r  each element  w i t h i n  a 10" l a t i t u d e  
by 15" (1 hour)  l ong i tude  g r i d .  These a re  shown i n  F igu res  5 
6 and 7. Note t h a t  n e i t h e r  t h e  i s o h e i g h t  nor  i s o f r e q  p l o t s  
resemble t h e  i sopho te  p a t t e r n .  B a r b i e r ' s  formula has  been 
a p p l i e d  t o  t h e  d a t a  i n  these  f igu res  i n  s e v e r a l  ways and 
i sopho te  p l o t s  have been prepared  from t h e  c a l c u l a t i o n s .  
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I n  F igu re  8 we app l i ed  B a r b i e r ’ s  formula t o  d a t a  i n  
each  l a t i t u d e  range s e p a r a t e l y  and p l o t t e d  t h e  r e s u l t s  
f o r  H = 40 km. C o r r e l a t i o n  c o e f f i c i e n t s  ranged from 0.717 
t o  0.990 w i t h  an average va lue  o f  0.850, 

I n  F igure  9 t h e  same procedure was used bu t  t h e  s c a l e  
h e i g h t  g i v i n g  t h e  b e s t  c o r r e l a t i o n  a t  each l a t i t u d e  was 
chosen. Sca le  h e i g h t s  ranged from 26 k m  t o  60 km w i t h  an 
average va lue  o f  46 km. C o r r e l a t i o n  c o e f f i c i e n t s  ranged 
from 0.722 t o  0.992 wi th  an average va lue  o f  0.865. 

I n  F igu re  10 a l l  da ta  w a s  t r e a t e d  s imul taneous ly .  
The optimum c o r r e l a t i o n  c o e f f i c i e n t  was 0.722 f o r  H = 48 km. 

I n  a l l  t h r e e  cases t h e  s i m i l a r i t i e s  o f  t h e  g r o s s  
f e a t u r e s  i n  t h e  c a l c u l a t e d  and observed i sopho te  p a t t e r n s  
i s  s t r i k i n g .  It i s  ev iden t  t h a t  n e i t h e r  t h e  e f fec t ive  h e i g h t  
n o r  t h e  c r i t i c a l  f requency c o n t r o l s  t h e  shape o f  t h e  e x c i t a t i o n  
p a t t e r n  , 

2. Futu re  Work 

The r e s u l t s  desc r ibed  above a long  w i t h  examples o f  
Ba rb ie r  c o r r e l a t i o n s  for  i n d i v i d u a l  n i g h t s  and a i rg low 
f e a t u r e s  w i l l  form t h e  e s s e n t i a l s  o f  a paper i n  p r e p a r a t i o n .  
Refinements o f  t h e s e  r e s u l t s  and a number o f  o t h e r  a n a l y s i s  
tasks w i l l  be o u t l i n e d  and w i l l  be submi t ted  t o  NASA Head- 
q u a r t e r s  f o r  1967 funding.  

3 .  Cost Data 

were $33,669, w i t h  committments o f  $285.00 
uncommitted ba lance  o f  $2,643. 

T o t a l  r e p o r t e d  expendi tures  a s  o f  November 31, 1966 
l e a v i n g  a n .  

Research P h y s i c i s t  

APPROVED : 

C. A. Stone,  D i r e c t o r  
A s t r o  Sc iences  Center  
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